Objective: To assess the feasibility and accuracy of telemedical concussion evaluations (teleconcussion) for real-time athletic sideline assessment of concussion, as such assessment may address the gap in access some populations of athletes have to providers with expertise in concussion evaluation.
An estimated 1.6-3.8 million traumatic brain injuries (TBIs) occur annually in the United States among 38 million children and adolescents and 170 million adults engaged in organized physical and sports-related activities. 1 To help improve concussion and TBI identification and postinjury care, some sports organizations have employed unaffiliated neurotrauma consultants to provide sideline evaluation for suspected injuries. 2 This same level of care is not available for most youth and collegiate-level athletes. Of more than 4,000 US colleges and universities, 3 most have qualified medical staff providing care for elite-level sports teams; however, most have no access to neurotrauma experts on the sideline. Moreover, among the 37,000 US public and private secondary schools, 4 58% do not have access to any sideline medical personnel (including athletic trainers). 5 This problem may be compounded by geographic disparities as rural colleges, universities, and high schools may have even less access to specialty care than schools in major metropolitan areas.
Telemedicine has been shown to be a safe and effective means to evaluate and treat numerous acute neurologic conditions, including stroke, 6 in populations with limited access to subspecialty care.
Similarly, telemedicine evaluation for concussion (hereafter referred to as teleconcussion) may also allow the higher-level care seen in professional sports to be delivered to underserved populations including high school, collegiate, and rural athletes. 3, 7 The present study aimed to assess the feasibility and accuracy of teleconcussion evaluations of male collegiate football players evaluated for suspected concussion.
METHODS A cohort of adult male collegiate athletes was recruited and enrolled from the active roster of the Northern Arizona University football team during preseason sports physical examinations. All consenting athletes received face-to-face baseline examinations from the study team, including a symptom severity checklist, Standardized Assessment of Concussion (SAC), King-Devick test (K-D), and modified Balance Error Scoring System (mBESS). Over the course of 2 seasons of competition, all athletes with suspected concussion were evaluated by the Northern Arizona University medical team in the athletic training room or on the sideline. For the duration of the face-to-face history and examination, a remote neurologist was present and independently scored the same examination via telemedicine robot (VGo; VGo Communications, Inc., Nashua, NH) (figure 1). During each football game, the remote neurologist was logged on continuously to the telemedicine robot so as to provide rapid and efficient evaluations of the athlete while simultaneously monitoring athletes for possible injuries through live game broadcast (figure 2).
After the face-to-face examination, the remote neurologist had the ability to ask additional questions and repeat any portion of the physical examination. Final, blinded remove-from-play (RFP) determinations were made by the face-to-face evaluator and the remote evaluator. Both the face-to-face and the remote examiners were blinded to each other's examination findings and RFP determinations until the face-to-face medical staff rendered a final diagnosis and disposition.
For the purposes of this study, the face-to-face examination and clinical decisions of the primary medical team were both final and the gold standard against which teleconcussion assessments and decision-making were compared. Confidence intervals (CIs) were calculated by using the exact binomial method. Standard
RESULTS
In total, 123 athletes were enrolled in the study, 50 of whom participated through 2 athletic seasons. Over these 2 seasons, 11 consecutive athletes with suspected concussion were evaluated. The specific tests and testing protocols used for each assessment were made by the face-to-face providers. Because of the efficiency needed for game time assessments, some athletes were removed from play based only on history and K-D performance. K-D scores and RFP decisions were obtained from remote and sideline assessments for all 11 athletes evaluated for suspected concussion. SAC and mBESS scores were obtained for 6 of the 11 athletes who were not removed from play on the basis of history and K-D scores.
The mean (SD) difference between remote and sideline K-D times was 0.7 (1.4) seconds and the times were within a 3-second difference in 100% of cases (11/11; 95% CI 72%-100%). The teleconcussion and face-toface SACs were in agreement 100% of the time (6/6; 95% CI 54%-100%). Remote and sideline mBESS scores were within 3 points 100% of the time (6/6; 95% CI 54%-100%). RFP decisions were in agreement 100% of the time (11/11; 95% CI 72%-100%).
DISCUSSION This aim of this study was to objectively determine the accuracy of teleconcussion assessments compared with the gold standard of face-toface assessments in real-world scenarios during competition. This feasibility study suggests that teleconcussion evaluations are safe and effective for providing accurate and rapid assessments of athletes and RFP determinations at the time of suspected injury.
The authors acknowledge some limitations in this study. The sample size is small; however, the aim of the study was to provide pilot data for formulating larger, more comprehensive future studies, which will be necessary to reach more definitive conclusions. The remote and face-to-face examiners were not the same for every assessment (examinations were conducted among a pool of 2 remote and 2 face-to-face examiners). Another limitation is that the examiners were not compared with each other at baseline to demonstrate standardization and agreement of examination interpretation and scoring. However, this lack of comparison did not likely affect the outcome because the agreement level on examination scoring was high (even on subjective measures such as mBESS), with full agreement on final RFP decision making. This study did not address whether using a robotic unit vs less-expensive, more portable technology influences the ease and accuracy of assessments. Although the authors infer that teleconcussion assessments can be conducted in the absence of face-to-face personnel, this hypothesis was not meant to be supported with these data.
Previously, telemedicine has been shown to be potentially effective for the remote neurologic evaluation of TBI. 8 A body of evidence now exists that telerehabilitiation is potentially effective at directing functional recovery in patients with TBI. Videoconference-based telemedical neuropsychological assessments have been shown to be as accurate as face-to-face interactions. 10 Furthermore, the first published teleconcussion evaluation noted an ability to perform a neurologic examination of the athlete in Figure 3 Additional after-injury assessment capabilities of remote neurologist
Remote evaluation of additional clinical data, including computerized cognitive testing and imaging studies.
the emergency department while remotely reviewing pertinent imaging studies and performance on afterinjury computerized cognitive testing 3 ( figure 3 ). The conclusions from these studies suggest that teleconcussion is an accurate tool that may be used throughout the course of an athlete's concussion care-from the hyperacute and acute stages (on the sideline or in the emergency department) through recovery (with clinical assessments of neurologic and neuropsychometric function paired with physical and cognitive rehabilitation). The authors hypothesize that eventual return-to-play decisions can be made telemedically because these decisions are frequently based on interpretation of histories and physical examination components similar to those used for RFP decision-making. The accuracy of teleconcussion for return-to-play decisions is beyond the scope of this study and should be examined in greater detail with future research.
This study quantitatively examines the feasibility and accuracy of telemedicine for sports-related concussion at the time of injury. It addresses possible solutions for existing gaps in medical care for youth athletes in particular who are not only more susceptible to the effects of concussion but who also have fewer resources than elite-level athletes for proper concussion education, identification, and care. In addition to the need for more research demonstrating the safety and efficacy of teleconcussion for RFP and return-to-play decisions, the cost-effectiveness of these assessments, and the need for a face-to-face provider to assist with the examination, should also be appraised critically.
